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THE PROPERTIES OF THE RESIDUES OF 
50-60 AND 85-100 PENETRATION ASPHALTS 
FROM OVEN TESTS AND EXPOSURE ' 


BY THE DIVISION OF TESTS, PUBLIC ROADS ADMINISTRATION 


Reported by R. H. LEWIS, Chemist, and J. Y. WELBORN, Assistant Highway Engineer 


HIS REPORT de- 
| ‘scribes a continuation 
of studies previously 
reported, (11) * together 
with the results of tests on 
other asphalts before and 
after their incorporation in 
fhot paving mixtures pre- 
pared in laboratory and 
plant mixers, 

Since the early days of 
theasphalt paving industry 
some form of laboratory 
heat test has been used in 

' specifications forasphalt ce 
Sments to indicate the prob- 
Sable hardening of the as- 
phaltie binder when sub- 
jected to high temperatures 
and to exposure in service. 
In IS97 Allen W. Dow 
senumerated essential char- 
acteristics that asphalts 
»should have to insure satis- 
> factory pavements. Among 


) the many desirable proper- 
Pties, he included stability 
P when exposed to high tem- 

peratures for appreciable 


PH penods of time. Although 


Pat that time there were no 











In recent years the value of the standard oven heat 
test for the prediction of the probable hardening of 
asphalts in the mixing and laying operations and under 
service conditions has been seriously questioned. 

Many investigators have resorted to oxidation tests 
to study the hardening and weathering properties of 
asphalts. Specifications are now in use that limit the 
loss in penetration and ductility that an asphalt can 
undeigo either in a laboratory mixing test or in a plant- 
prepared hot-mix surfacing sampled immediately after 
laying. 

This report presents the results of tests on 50-60 and 
85-100 penetration asphalts made on the residues from 
the standard oven test as well as on the residue from 
50-gram samples exposed to the same conditions in 
films approximately 1 inch thick. Changes in the 
properties of 85-100 penetration asphalts after exposure 
in 14-inch films for 15 weeks during the hot summer 
months are also shown. 

Although the residues from the standard oven test 
are not greatly altered, the residues from the '%-inch 
film oven tests, especially in the case of some 50-60 
asphalts, are highly altered. Results of tests on the 
residues of 50-60 asphalts from the thin-film oven tests, 
when compared with the results of tests on bitumens 
extracted from both laboratory-prepared mixtures and 
from mixtures from commercial paving plants, indicate 
that the 14-inch film oven test produces alterations in 
the asphalts similar to the changes in properties that 
occur during the mixing process. It is believed, there- 
fore, that a thin-film oven heat test may prove of value 
in predicting the probable behavior of asphalts under 
processing and service conditions. 








hardening of the asphalt 
by comparing the penetra- 
tions of the two recovered 
residues. 

Although there is no rec- 
ord of this method having 
been used in specification 
requirements,itisofinterest 
because so many present- 
day investigators have re- 
sorted to similar types of 
tests to study the behavior 
of asphalts in the process- 
ing of hot-mix pavements. 
VALUE OF STANDARD LOSS ON 

HEATING TEST QUESTIONED 


Before 1911 many differ- 
ent methods were used to 
determine the loss on heat- 
ing and the drop in pene- 
tration. Temperatures, 
time of heating, size of 
containers, and methods of 
heating varied consider- 
ably. In 1911 the Ameri- 
ean Society for Testing 
Materials issued a_provi- 
sional method for the de- 
termination of the loss on 
heating of oil and asphaltic 








standard tests for asphalt cements, Dow suggested the 
Sfollow ng methods for determining the stability of as- 


Pphalt- at high temperatures. 
© \iv hod 1.— Weigh 20 grams of asphalt into a 2-ounce 
—« tort and place this in an air bath at a tempera- 
Btu . 400° F. for 30 hours. Determine the loss of 
swecht and measure the consistency of the residue 
; i penetrometer. 

4 sed on this method, the specifications of the 
~ | trict of Columbia for 50 to 120 penetration asphalts 
a! red that the loss of heating should be not more 
“a a) S percent and that the percentage of original 


«ootration retained should be not less than 75. The 


e-ively high loss permitted was, no doubt, due to 
ic use of fluxing oils in the preparation of asphalt 
ce onts from hard native asphalts. 

: thod 2.— Mix the asphalt and sand, in the propor- 
to. to be used, at a temperature of 300° F. Divide 
the ‘inished mix into two parts. Allow one part to 
foo’ to room temperature, and hold the other part at 


300 for 30 minutes and then allow it to cool. Ex- 
trac’ the asphalt from the two mixtures with carbon 
pdisiide and recover the asphalt by distilling to a 
Masiinum temperature at 300° F. 


figures in parentheses refer to bibliography, p. 46. 
1449—4]—__] 








compounds, in which a 20-gram sample was placed in a 
flat-bottomed tin 6 centimeters in diameter and 2 centi- 
meters deep, and heated for 5 hours at 163° C. (325° F.). 

In 1916 the loss on heating test was made A. S. T. M. 
Standard Test Method D6-16. The size of the sample 
tested was increased to 50 grams, and the 3-ounce tin in 
use today was specified. The oven temperature and 
time of heating were unchanged, being respectively 
163° C. (325° F.) and 5 hours. Although there have 
been refinements in the testing oven from time to time, 
the basic conditions of the test method (D6—16) have 
not been altered. The present A. S. T. M. designation 
for this test is D6—39T. 

In recent years the value of the standard oven test for 
predicting the probable hardening of asphalts in the 
mixing and laying operations and under service con- 
ditions has been seriously questioned. Victor Nichol- 
son (/4) has stated that use of the 50-gram sample 
does not give as sharp a differentiation in the hardening 
properties of asphalts as the 20-gram sample did. He 
has also stated that the properties of asphalts recovered 
from pavements cannot be correlated with the test for 
loss on heating and that the test is retained in the speci- 


Determine the | fications of the City of Chicago merely to check the 


' presented at the meeting of the Association of Asphalt Paving Technologists, Dallas, Texas, December 9-13, 1940. 
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hardening action of heat on the asphalt in the storage 
kettle at the paving plant. 

Raschig and Doyle (17) concluded, after examination 
of the extracted bitumens from paving mixtures im- 
mediately after mixing and after various periods of 
service, that an asphalt that showed an excessive drop 
in penetration after the standard loss on heating test 
would probably have an unsatisfactory service record. 

In the previous report (//) it was noted that all the 
asphalts of both the 50-60 and 85-100 grades had lower 
percentages of loss in the standard oven test and re- 
tained greater percentages of their original penetration 
than were required by the most stringent specification. 
The range in the percentage of loss on heating and 
the drop in penetration was too narrow to evaluate 
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adequately the probable hardening properties of the | 


various asphalts. 


The inability of the present test for loss on heating to 


furnish adequate indications of the hardening of as- 


phalts in the mixing operation and in service has led to | 


numerous investigations of this problem by laboratory 
mixing methods, oxidation tests, and the study of mix- 
tures freshly laid and after service in the pavement. 
An excellent bibliography on the behavior of asphalts 
during the processing of mixtures and in service is 
appended to a report by J. R. Benson (3). The work 
of F. C. Lang and T. W. Thomas (6), C. L. Shattuck 


(19), and the reports by H. A. Juhlin (5), E. B. Tucker | 


(21), R. Vokae (22), J.G. Schaub and W. K. Parr (/8) 
are additional evidence of the interest in this particular 
subject. 

Steinbaugh and Brown (20), in enumerating the 
major causes for the cracking of asphalt pavements, 
concluded that the failure of surfaces because of exces- 
sive oxidation or “loss of life’ of the asphaltic binder 
was difficult to control or to predict. They added that 
the changes in the asphalt residue from the oven heat- 
ing test may approach the changes that take place 
during mixing and laying; but they doubted whether 
the oxidation of the mass of asphalt in the test sample 
is similar to that occurring in a paving mixture, with 
the asphalt in the film stage. For this reason, they 
concluded that it must be demonstrated that an oven 
heat test can give significant results. 


RESIDUES FROM STANDARD AND THIN-FILM OVEN TESTS 
COMPARED 


The information obtained from the standard oven 
test has been limited to loss of volatile matter and drop 
in penetration. This study was undertaken to deter- 
mine if a better evaluation of the relative durability of 
asphalts might be made with other tests on the residues 
from the standard oven test or on the residues from an 
oven test so modified as to accelerate the changes that 
occur. 

The study was made with the same asphalt cements 
of the 50-60 and 85-100 penetration grades that were 
included in the previous investigation (11). The 
sample identification numbers used in this report are 
the same as those used in the previous report and 
these numbers, together with the designated grade, 
will be used to identify the various asphalt cements. 

This investigation included tests on the residues 
obtained from the standard test for loss on heating 
(A. S.T. M. Method D6-39T) and from oven tests made 
with the asphaltic material exposed in a film -inch 
thick. Tests on the residues of the 85-100 penetration 
asphalts after exposure to light, heat, and air, were also 





made. Throughout this report the above tests will be 
referred to, respectively, as the standard oven test, the 
thin-film oven test, and the exposure test. Compara- 
tive data on the physical properties of other asphalts 
before and after subjection to the thin-film oven test 
and after extraction from mixtures from hot-mix pave- 
ments and from laboratory mixtures prepared by thie 
Shattuck method (79) will be presented. 

The test procedure used in making the thin-film oven 
tests was as follows: 

Fifty milliliters of the asphalt to be tested were 
weighed into a flat-bottomed aluminum container, 5.5 
inches in inside diameter and % inch deep. This vol- 
ume gave a film thickness of approximately '¢ inch 
A special rotating shelf was installed in the oven to 
carry four of these 5.5-inch containers. In other par- 
ticulars the testing procedure of the standard oven test 
was followed. 

In order further to accelerate the effects of exposure to 
high temperature, the thin-film test was modified in 


| some cases by using aluminum containers 7.78 and 11.( 


inches in diameter, in which 50 milliliters of asphalt 
gave film thicknesses of approximately Kg and %» inch, 
respectively. The larger containers were placed on a 
special stationary shelf immediately below the rotating 
shelf. 

In order to determine the effects of outdoor exposur 
on asphalt cements, the 85-100 penetration asphalts 
used in this investigation, with the exception of sample 
40, were exposed out of doors, under glass, to the action 
of sunlight, heat, and air, under conditions similar to 
those of previous investigations that have been reported 
(7,8, 9,10). The asphalts were exposed in ¢-inch films 
in containers 5‘ inches in diameter for a period of 
15 weeks during the summer months. 

The temperatures of the air and asphalt within thi 
exposure boxes were recorded continuously during thi 
entire 15 weeks by means of automatic temperatur 
recorders. One element of the recorder was placed 
in the air and the other element was immersed in 4 
container of asphalt. The range and average 1 
maximum and minimum daily temperatures for both 
the air and asphalt are given in table 1. As determine: 
from United States Weather Bureau reports, the as- 
phalts were subjected to 875 hours of sunlight during 
the 15-week period. 


TABLE 1.—Range of and average daily maximum and minim 
temperatures during exposure of 85-100 penetration asphalls 


Maximum temper- Minimum temper 


ature ature 
Air! Asphalt ? Air As} 
oF, 7. F. . 
Maximum , 195 210 75 i 
Minimum _..- 70 70 0 4 
Average - 168. 2 175.6 60.1 62.4 





1 Recorder placed in air inside exposure box. 
2 Recorder placed in asphalt inside exposure box. 


DROP IN PENETRATION IN OVEN TEST NOT DUE TO VOLATILIT! 


Steinbaugh and Brown (20) have shown the effec! 
of the mixing operation on the penetration and duc ilit! 
of asphalts, and Shattuck (19) has included the determ: 
nation of the softening point in his investiga tio! 
These tests, as well as the determination of orzanl 
matter insoluble in 86° B. naphtha, were made on thi 
residues from both the standard and thin-film oven test 
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and on the residues from exposure. The exposure 
residues were also tested for penetration at 95° F, 
35° C.), organic matter insoluble in carbon tetrachlo- 
ride, and the reaction to the Oliensis test, including 
the determination of the xylene equivalent. 

The physical properties of the 50-60 and 85-100 
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age values for each test for the asphalts as a group are 
indicated for each condition of test. 

The test results given in tables 5 and 6 show that the 
loss by volatilization in the standard oven test was very 
low. Only one asphalt, sample 40 of the 50-60 and 85-— 
100 grades, had a loss of more than 0.25. The loss by 


penetration asphalts before and after the oven tests | volatilization during the thin-film oven test was not 


are given in tables 2 and 3, respectively. The results 
of tests on the 85-100 penetration asphalts after ex- 
posure, as well as the results of special tests made on 
the original materials, are shown in table 4. 

In order to indicate the extent of the alterations in 
test characteristics that occurred in the asphalts during 
the oven and exposure tests, the test results given in 
tables 2 to 4 have been expressed as percentages of the 
test results for the original materials. These percent- 
ages for penetration, softening point, ductility, and 
insolubility in 86° B. naphtha are shown for the 50-60 
asphalts in table 5 and for the 85-100 penetration 
asphalts in table 6. 

In figures 1 to 6, the percentage of original penetra- 
tion, the softening point, and ductility values are shown 
by bar diagrams. The figures give a graphical pres- 
entation of the relative behavior of asphalts from each 
souree. Figures 1 to 3 show the source of the base 
petroleum in relation to the effect of the oven tests on 
the penetration, softening point, and ductility of the 
50-60 penetration asphalts. Figures 4 to 6 show the 
same data for the 85-100 penetration asphalts, as well 
as the same test data on the exposure residues. Aver- 


Tantus 2. 


Original asphalt 


: Séation No Penetra- Ductility Organic 

tion at ‘ ape ~" matter . . . ‘ 
ace : Soften- ut 77" F.., A Change Penetra 

a ’ | ing point | 5em. per insoluble |i, weight, tion at 

100 gm., . s in 86° B. | nid pa FE 

5 see. min naphtha th ars 

I Cm Percent Percent 

57 119 250+ 10.7 0.13 is 
: 61 118 2504 10.6 05 71) 
61 LIS 200-4 10.0 O45 mh 
4 60 118 2504 11.8 06 ( 
AS 120 20+ 12.6 —. 07 {¢ 
52 126 250+ 18. 1 06 it 
58 132 197 28. 2 07 10 
5 a) 130 68 30.9 il tf 
: 53 132 218 29.3 OS rT 
t 131 215 28. 8 12 } 
4 132 180) 28. 1 1] HH 
132 50) + 28. 0 OF it 
l 132 140 27.5 1] 44 
2 126 250+ 21.7 01 i) 
2 126 Is] 24.8 02 47 
48 132 57 25. ¢ 0 7 

4s 128 25)+ 22.9 02 } 
7 129 250+ 24.8 0 4f 
7 ] 220 19. 7 OO 49 
58 137 36 30.8 12 3 
57 130 232 24.2 02 0) 
57 137 06 27.9 04 is 
60 120 202 21.6 10 42 
-- 54 131 s4 20.4 —.04 4s 
9 58 127 116 17.3 07 19 
53 129 78 25. 4 09 44 
19 131 226 19.3 03 43 
58 126 44 23.0 12 45 
48 131 170 23.3 —.03 45 








Effect of the standard and t} in-film oven tests on the 


ndard oven test Tr} 


much greater in many cases than the loss in the standard 
oven test. There were 17 asphalts of the 50-60 grade 
that had lower losses in the thin-film oven test than in 
the standard oven test, and the residues of 9 asphalts 
increased in weight during the testing period. For the 
85-100 penetration grade, 14 asphalts had lower thin- 
film oven losses than were obtained in the standard test 
and 11 of these gained in weight in the oven. Those 
asphalts of both grades that gained in weight when ex- 
posed in thin films had low losses in the standard oven 
test. Those asphalts with relatively high losses in the 
standard oven test had still higher losses in the thin- 
film oven test. Considering the penetration drop under 
both tests, it is apparent that for petroleum asphalts 
the relative hardening of the asphalts cannot be cor- 
related with the volatility of the materials in the oven 
heat tests. 

As shown in table 5 and figure 1, the percentage of 
original penetration retained by the residues of the 50- 
60 asphalts in the standard oven test varied from 70 
to 94 with an average of 85. The residues from the 
thin-film oven test retained from 38 to 73 percent, with 
an average of 62 percent, of the original penetration. 


90-60 penetration asphalts 


n-film oven test 





Tests on the residue rests on the residue 

O ani ( Pe etra Ductility Organic 

g ~ it - ve tio i Soften- at 77° F.. matter 
ng po er | in eRe B 11M) = ’ | ing point | 5em. per oo 
iphtha 5 se caine naphtha 

I Cn Percent Percent F Cm. Percent 
20 250 11.5 0. 4 3 125 250+ 14.5 
120 0) 8 } 36 126 250+ 14.3 
121 250 4 ) 39 125 250+- 14.0 
120 FA) 2 9 is 38 125 250+ 15. 2 
122 O54 1.2 i 31 129 20+ 17.4 
130 250) ) 85 137 129 21.5 
134 z 2. 3 < s 141 73 20.0 
139 1v 2 22 34 152 Ss 35. 2 
139 17 20 85 145 YS 31.7 
139 200 x0 4 3 145 70 32.2 
137 10) l » 0 146 52 34.1 
13 140) Ss 7 34 144 118 31.4 
139 23 29.8 24 | 152 s 30.7 
130 0 23. 2 9 33 135 200 4.9 
132 97 25.8 ) 2 140 30 28. 4 
139 24 26.8 l 148 10 28.8 
133 160 23.6 2 140 92 23.8 
132 140 25. 9 6 $4 140 68 28. 1 
129 250+ 20.6 +. 10 39 133 20 22.3 
140 92 27.8 4f ) 146 Ss 29.8 
131 160 24.3 05 4) 138 41 25.4 
138 41 27 00 4() 145 18 29. 1 
128 24 24.4 21 30 142 ef 24.0 
137 20 41.1 61 38 144 12 22.7 
135 S4 18. ¢ —. 00 38 137 38 18. 7 
137 23 26. 4 20 33 143 11 25.4 
136 12 21.0 03 32 141 32 21.1 
132 oO 25. 1 f 31 138 19 24.3 
13 8 23.6 0 34 138 28 26.3 
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TABLE 3. Effect of the standard and thi n-film oven tests on the 85—100 penetration asphalts 


Original asphalt 


Io > 9. 
Identification No. Penetra 
tion at 


Soften- 


100 gm... |/& point 
5 sec. 

= &5 113 
: . 96 111 
3. 95 112 
4 . 92 112 
oe 91 113 
6 92 117 
_S6 96 120 
8 96 121 
9 6 121 
10 95 121 
ll o7 119 
12 a7 119 
13 94 117 
14. G5 115 
15 92 115 
16 o4 117 
4 92 118 
& 2 S85 123 

19_ 90 116 
20 90 121 
21 97 115 
22... 96 117 
. 91 112 
, = 44 118 
94 118 
/ = S4 119 
ee 93 116 
: 92 115 
29 92 113 
ww... ; 90 116 
= . 93 120 
es &5 119 
Sa _ &3 119 
34- . a4 116 
See 96 116 
ie 92 121 
/ 96 118 
== 95 121 
30... : 86 116 
40_. ae 87 113 
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naphtha 


4 
bo 


> te 
en 
+o 


t 
eo 


22.0 


24.6 
19.0 


to 


— to 
on 
2c 


~ 3 
wuetothoel 


insoluble 


"ET CE 


Change 
weight 


04 
OS 
OS 
02 


. 06 
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Standard oven test 


Penetra 
tion at 
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THE PENETRATION OF THI 


Thin-film oven test 


Tests on the residue 


Penetra- 


soften it - 
ing point Sem, per 


Orgar 
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Ductility 


min aceite 
nap 
I ( Pe 

121 250 
11y 215 
119 244 ‘ 
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123 2)+ 
124 210 
133 132 
144 ll 
135 106 
136 25 
134 143 
132 130 
133 44 ) 
124 212 
126 205 4 
128 AS s 
127 252 
134 10S ‘ 
124 235 
132 16 2 
14 225 2 
126 173 7 
128 2 2 
132 60 
126 130 } 
129 76 
122 225 t 
123 250+ ‘s 
129 52 
129 145 
141 20 
132 66 2 
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133 95 4 
124 108 22. 
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134 66 s 
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1. Efe ct of outdoor exposure on the characteristics of asphalts of 


Slope of 





Tests on the 


exposure resid 
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in sii the log- | gopan.| Ductil- Organic pe 
weight penetra- ing ity at 7% matter insoluble 
tion tem- - F.5em. insoluble 
inde oro p | perature point | per min.) in CCh | ‘2 ot a C haract 
At 77° F At 95° F curve naphtha of sp 
Percent I c'm Percent Percent 
+0). 5 23 75 0. 0285 134 79.0 ). 24 19. 5 Posit 
+1.2 19 MW 0261 139 1) If 22.8 | Negat 
v ly " 252 140 7s l 22.7 Positiv 
+ Y a” Mw 0248 1) 110+ 14 24.1 do 
+1.0 17 44 0229 146 10) 4) 27.7 do 
+. 24 57 Q209 146 12.0 ; 22.8 Negati 
5 1) S3 O176 145 15.0 24 32. 5 d 
7 25 4] Olly 72 4.1) j s7 Posit 
" 85 7yY O106 147 Wo t } Negat 
$s wi O170 147 0) i 
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FIGURE 2.—SowrRcE OF THE BasE PETROLEUM IN RELATION TO THE EFFECT OF OVEN HEAT TESTS ON THE SOFTENING POINT 0} 
THE 50-60 PENETRATION ASPHALTS. 


TABLE 6.—Changes in test characteristics of 85-100 penetration asphalts after oven and exposure tests 


Test values expressed as a percentage test values on original materials 
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Figure 3.—SourcE OF THE Base PETROLEUM IN RELATION TO THE EFFECT OF OVEN HEAT TESTS ON THE DUCTILITY OF THE 50-60 
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Figure 4.—Source OF THE BASE PETROLEUM IN RELATION TO THE EFFECT OF OvEN HEAT AND EXposvuRE TESTS ON THE PENE- 


TRATION OF THE 85-100 PENETRATION ASPHALTS. 
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Figure 5.—SowurcE OF THE BASE PETROLEUM IN RELATION TO THE Errect OF OVEN HEAT AND EXPOSURE TESTS ON THE SOFTENIN 


POINT OF THE 85-100 


The percentage of original penetration for the 85-100 
penetration asphalts, as shown in table 6 and figure 4, 
varied from 65 to 88 with an average of 78 for the stand- 
ard oven test and from 32 to 69 with an average of 58 
for the thin-film residues. The range in percentage of 
original penetration retained by the exposure residues 
was from 19 to 42, with an average of 31. Only two 
asphalts of the 50-60 grade and four of the 85-100 
grade retained less than 50 percent of their original 
penetration after the 5-hour heating in thin films. 


THIN-FILM OVEN TESTS GREATLY REDUCED THE DUCTILITY OF 
SOME ASPHALTS 


The range in the values for retention of original pen- 
etration for both grades of asphalt is greater for resi- 
dues from the thin-film test than for the residues from 
the standard oven test, indicating that the thin-film 
oven test provides a somewhat sharper differentiation 
between the various asphalts with respect to resistance 
to hardening. The difference between maximum and 
minimum values for percentage of original penetration 
is greater for the thin-film residues of 85-100 penetration 
asphalts than for the residues from the exposure test. 





PENETRATION ASPHALTS. 


The softening point values shown in tables 2 and 3 
and in figures 2 and 5 indicate that the range in values 
is somewhat greater for the residues from the thin-{ilm 
oven test than for the residues from the standard oven 
test, further indicating that the thin-film oven ‘est 
provides a sharper differentiation between the asph ilts 
with respect to their resistance to hardening. As com- 
pared to the residues from the thin-film oven test, th 
range in penetration of the exposure residues was 
reduced, while the range in softening point has incre: sed 
considerably. This indicates that continued expo-ure 
produces changes that affect the softening point va ues 
to a greater extent than the consistency as measi red 
by penetration. For instance, the exposure resi: ues 
of samples 8 and 33 had penetrations slightly uw det 
and over the average for all the asphalts, respecti ely, 
but these two materials developed residues having the 
highest softening points. 

Figures 3 and 6 show the effects of the oven anc ex- 
posure tests on the ductility of the 50-60 and 85 10 
penetration asphalts. These figures show that the 
ductilities of many of the asphalts were greatly cha ige¢ 
in these tests. Although the average ductility oi! the 
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Figure 6. SOURCE OF THE BasE PETROLEUM IN RELATION TO THE 


OF THE 85-100 PENE 


original 50-60 and 85-100 penetration asphalts was 
nearly the same (176 and 180 centimeters, respectively) 
) the reduction in ductility was greater for the 50-60 
) penetration asphalts than for the 85-100 penetration 





: asphalis. The average ductility of residues of the 50-60 
asphalts from the standard oven test dropped to 123 
3 centimeters, but the average ductility of the 85-100 resi- 
sais dues was practically unchanged, being 177 centimeters. 
In lis low reduction in the average ductility for the 
el asphalts of the 85-100 grade after heating indicates 
ist that many of the original asphalts were of too soft a 
Its) COnsisteney at 77° F, to develop their maximum duc- 
m- | Ulty, and the additional hardening made the residues 
hy _ more duetile at 77° F. than the original asphalts. In 
as | the thin-film oven test the average ductilities of the 
od 2 20 50 and 85-100 penetration residues were 77 and 
ire) 132 centimeters, respectively. Although the average | 
es ae du lity for the 85-100 penetration asphalts had been 
oi 9) Materially reduced, many of these residues still had 
os) bigher duetilities than the original asphalt. The duc- 
let tilities of all the exposure residues of the 85-100 pene- 
ly, (ration asphalts were greatly reduced. The average 
he ductility was 18 centimeters, and 33 of the 39 asphalts 
tested had ductilities under the average. Only six 
x. | §Sphaits representing four of the five materials produced | 
0) aa from California petroleums, one from Mexico and one | 
he from Oklahoma, had ductilities higher than the average. 
ed abies 5 and 6 show the percentage of increase in | 
he *rsinic matter insoluble in 86° B. naphtha due to | 
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F BASE PETROLEUM 


EFFECT OF OVEN HEAT AND EXposuRE TESTS ON THE DUCTILITY 
TRATION ASPHALTS. 


alterations occurring in the oven and exposure tests. 
With the exception of samples 20, 36, and 40 of the 
50-60 grade, all the residues had the same or greater 
amounts of insoluble material than the original asphalts. 
The average percentage of increase for residues from 
oven tests was greater for the 85-100 penetration grade. 
Figure 7 shows the relation between the amount of 
organic matter insoluble in the original material and 
the percentage of change in the insoluble matter in the 
oven and exposure residues for the 85-100 penetration 
asphalts. This figure indicates that there is a tendency 
for the insolubility of the residues from those asphalts 
with an initial low insolubility to increase more than 
in the case of asphalts containing higher percentages ot 
insolube matter. The difference between maximum 
and minimum values for the naphtha-insoluble matter 
of the original materials and the oven and exposure 
residues remains practically the same. 


OXIDATION RESPONSIBLE FOR ALTERATIONS 
EXPOSURE 


IN ASPHALTS ON 


Table 4 shows the slope of the log-penetration tem- 
perature curves for the 85-100 penetration asphalts 
before and after exposure. The values for the slope 
of the curves are of interest in evaluating the alterations 
that occurred during the exposure not only in the case 
of the individual asphalts but for the asphalts as a group. 

J. P. Pfeiffer and P. M. Van Doormal (15, 16) pro- 
posed the penetration index for the classification of 


36 PUBLIC ROADS 


' 
41 

I 

+ 

ps 
a = a 
Be A 


THIN-FILM OVEN TEST 


PERCENT 





ORIGINAL ASPHALT, ORGANIC MATTER 


NCREASE IN ORGANIC MATTER IN 8 


100 20 40 60 00 120 “ 60 


Vol. 22, No. : 


100 20 40 60 80 200 2% 24¢ 


Figure 7.—ErFrect or 86° B. NaputHa INSOLUBLE MATTER IN THE ORIGINAL 85-100 PENETRATION ASPHALTS ON THE INCREASE 
oF 86°B. NaputHa INSOLUBLE Matrer Dus TO OvEN AND ExposuRrE TEsTs. 


asphalts according to their susceptibility to change in 
consistency with change in temperature. They stated 
that an asphalt with a penetration index of from 
—1.0 to +1.0 has normal susceptibility (N type). 
Asphalts with penetration indexes ot less than —1.0 or 
of more than +1.0 have high susceptibility (Z type) or 
low susceptibility (blown or R type), respectively. 
The slope of the lenmmataition temperature curve can 
be used to calculate the true penetration index which 
differs slightly from the one calculated by the Pfeiffer 
and Van Doormal formula (/1). Using the values 
proposed by Pfeiffer and Van Doormal tor asphalts of 
different susceptibilities, a slope of more than 0.0259 
indicates high susceptibility, from 0.0259 to 0.0192 
normal susceptibility, and of less than 0.0192 low 
susceptibility. 

As indicated in table 4, the slope of the curves for all 
the asphalts was reduced by the exposure. The residues 
became less susceptible to change in consistency as a 
result of the exposure. The extent of the reduction in 
slope may be considered as a measure of the resistance 
of the various asphalts to oxidation. 

Considering the values for the slopes of the curves 
and the Pfeiffer and Van Doormal classification 
(15, 16), it will be noted that 10 of the 39 asphalts 
exposed were originally of the Z (high susceptibility) 
type, 27 were of the N (normal) type and 2 were of the 
R (blown) type. After 15 weeks of exposure, 2 were 
of the Z type, 14 of the N type, and 23 of the R type. 
These changes tend to substantiate the conclusion 
that oxidation is responsible for the alterations occur- 
ring in asphaltic materials under exposure conditions. 

As compared with the original materials, with few 
exceptions, the exposure residues from the 85-100 
penetration asphalts showed some increase in the 
amount of organic matter insoluble in carbon tetra- 
chloride. However, the extensive carbonization that 
has been observed previously in similar tests on slow- 
curing oils (7, 8), having approximately the same 
initial insolubility in carbon tetrachloride, did not 
take place in these semisolid asphalts. 


_asphalts before and after exposure are given. 





In table 4 the results of the Oliensis spot test on the 
Fourteen 
of the 39 asphalts gave positive spots before exposure. 
Two of the asphalts, samples 19 and 36, with xylene 
equivalents of 0-2, gave positive spots before exposure 
but had negative spots after exposure. Samples 2% 
and 33 gave positive spots in 100 percent xylene under 
both conditions. The xylene equivalents of the 
exposure residues that gave positive spots were higher 
than those of the original materials but there does not 
appear to be any relationship between the initial xylene 
equivalent and the increase shown in the exposure 
residues. In previous work with all types of liquid 
asphaltic materials (8), residues of all materials that 
were originally negative gave positive spots after only 
5 weeks of exposure. The greater resistance of these 
semisolid asphalts to changes that are indicated } 
their reaction to the Oliensis test is shown by the fact 
that 16 of them gave negative spots both before and 
after exposure. This emphasizes the lower durability 
of fluid asphaltic materials. 

It is evident from the study of the data present«d 
that even though additional tests, such as ductility 
and softening point, were made specification require- 
ments for the residues from the standard oven t:st. 
no sharp differentiation in the hardening properties of 
the various asphalts is possible. Tests on the resid ies 
from the thin-film oven test, however, do show wide 
differences in resistance to change in original chai i- 
teristics. 


ALTERATIONS IN RESIDUES GREATLY AFFECTED BY TIME ©! 
HEATING 


In order to study more thoroughly the effect of | he 
thin-film oven test on the characteristics of the asph: |ts 
used in this investigation, 16 asphalts of the 50 60 
penetration grade were selected for further stu ly. 
These asphalts represented materials from a majo ity 
of the sources of base petroleums covered by ‘1s 
investigation. In cases where two or more aspli Its 


from the same source showed considerable differenc. in 
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behavior in the 5-hour thin-film tests, two materials 
from the same source were selected. 

These 16 samples were heated in }-inch films at 
295° F. for various periods of time up to 10 hours or 
until the ductility of the residue was reduced to a 
relatively low value. Those materials that did not 
show an appreciable reduction in ductility at the end 
of 7- or 10-hour test periods were heated, in a few 
instances, in %¢- or %e-inch films for periods of 7 hours. 
The results of tests on the residues of the 16 selected 
asphalts for various periods of heating and thickness 
of film are given in table 7. Values for the penetra- 
tion at 77° F., ductility at 77° F., and softening point, 


TABLE 7.—Effect of heating typical 50-60 penetration asphalts in 
thin films for various periods of time and film thicknesses 


Tests on residue 


identi : a sidan 























ee Timein, Film 
tion, | Source of base petroleum |oven at) thick- |Penetration| Ductility Softan- 
—_ 325° F.| ness | at 77° F., | at 77°F., | Gn, 
sis | 100 gm.; 5cm. per | point 
| 5 sec. min. 
° Hours | Inches Cm. F 
0 61 250+ 118.0 
5 | 1g 39 | 250+ 125.0 
: 7 1 30 | 250+ 131.9 
California 10 if 24 | 250-4 135.5 
7 Vie 20 | 250+ 136.7 
7 b4o 16 | 97.5 | 142.8 
0 52 | 250+ | 126.0 
2 \% 40 | 240 132.0 
: 5 lg 35 | 129 137.0 
6 | Colombia 7 4 33 | 88 141.5 
10 Vg | 27 | 24 146.0 
7 Mie 25 | 10 | 151.5 
| 0 56 68 | 130.0 
| 2 1g 43 22 | 141.2 
s Mexico 5 1g 34 Ss | 152. 0 
| 7 Ly 29 | 5.3 | 160.8 
10 1g 25 | 4.3] 169.3 
0 53 | 218 | 132.0 
| 2 1g 44 195 137.0 
do 5 1g 35 Ys 145.0 
7 Vg | 30 300 CO 149.3 
7 Viol 23 | 9.5| 163.7 
0 | 5 140 132. 0 
| 2 | 4 40 20.5 144.6 
Venezuela 4 5 1g 31 | s 152.0 
| 7 1g 28 | 5.5 | 162.5 
\ 10 iy | 24 | 4.3 172.8 
0 52 25) 126. 0 
{ lo | 5 4 33 200 135.0 
| 7 \% | 31 | 95 139. 9 
7 Ye 22 9 149.8 
0 57 220 125.0 
2 14 | 43 250+ 130.9 
ae 5 1g 39 240 133. 0 
Arkansas 7 4 33 128 139.0 
10 % 31 48 141.0 
7 Ve 29 18 146.8 
| 0 58 | 36 | 137.0 
re 2 1g 49 | 16 142.8 
| 5 1g 39 8 146.0 
7 14 38 | 6.3] 155.5 
0 Oo 202 120.0 
| 1 ly 37 | 26.5 131.0 
Oklahoma 4 Lg 34 13 135. 4 
| 5 4 30 | 8 142.0 
10 ly 27 4 161.8 
| 0 49 | 226, 131.0 
do } 2 sy 41 | 173 | = 134.7 
| 5 va 32 | 32 «| «141.0 
7 1g 31 | 23 145 
| 0 48 | 177 | 131.0 
2 1g 43 90 136.6 
Kentucky and Ilinois | 5 Lg 34 oN 138.0 
7 1g 35 27 145.3 
\ 0 49 159 128.0 
Kansas 13 2 1g 44 69 134.3 
‘| 5 a) 33 24 137.0 
| 7 8 32 15 145. 2 
\| 0 46 27 127.0 
do 2 1g 42 12 134.9 
i 5 1g 33 6 152.0 
| 0 57 219 123.0 
I ) 7 5 1g 41 165 129.0 
meee: | 7 if 38 65 134. 2 
10 1g 35 46 137.8 
| 0 55 190 125.0 
| 2 1g 46 170 132. 2 
do 5 My 40 61 135.9 
| 7 lg 37 26 139.0 
10 Ig 33 21 141.5 
xy. 0 e 52 137 132.0 
‘lexico and domestic | 2 lg 43 91 138.8 
Gulf coast. ) 5 1g 31 25 146.0 
| 7 4% 30 11 151.9 
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Figure 10.—Errect or Time or HEATING IN \-INcH FILMs 
ON THE Ductiniry or Typicat 50-60 PENETRATION As- 
PHALTS. 


are given for the original materials and for the residues. 
The effects of time of heating in \-inch films on the 
properties of some of these asphalts are given in 
figures 8, 9, and 10. 

In figure 8, the results on nine of the asphalts are used 
to illustrate the effect of time of heating on the penetra- 
tion of the residues. The time-penetration curves for 
the other asphalts, with the exception of sample 33, 
are between the upper and lower curves shown. All 
the curves indicate that the asphalts had a high initial 
drop in penetration and, as the time of heating in- 
‘creased, the rate of drop in penetration decreased. 
Sample 23 had a very high initial drop in penetration 
up to 2 hours and then a more gradual drop up to 10 
hours. The California asphalt (sample 3) showed a 
uniform rate of hardening up to 7 hours and then a 
decreased rate. In general, the difference between the 
high and low values of penetration, for any given time 
of heating, are approximately the same throughout 
the range of time covered by these tests. These curves 
are similar to curves showing the penetration versus 
time of mixing, one of which for bituminous concrete 
is charted in the report by Schaub and Parr (18) on 
changes in physical characteristics of paving asphalt 
cements and their relation to service behavior. In this 


case, an 85-100 penetration asphalt showed a 27 point 
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decrease in penetration in the first 30 seconds of mixing 
and a decrease of only 10 points in the next 150 seconds. 

In figure 9 are representative curves showing the 
relation between softening point and time of heating in 
the thin-film test. The plotted points for these as- 
phalts, and the others of table 7, fall approximate], 
on straight lines. 

In figure 10 are representative curves showing thie 
relation between time of heating in the thin-film test 
It is apparent that the 
time of heating has a much more variable effect on 
ductility than on softening point or penetration. 
Sample 3 (California) retained a ductility of more than 
250 centimeters over the whole 10-hour period while 
all the other samples showed a large reduction in duc- 
tility during this period. Sample 6 (Columbia) lost 
ductility at a fairly constant rate with increase in time 
of heating, while the ductility of sample 23 (Oklahoma 
dropped from 202 to 26.5 centimeters in 1 hour and from 
26.5 to 4 centimeters in the succeding 9 hours. Table 7 
shows that samples 8, 13, 20, 23, and 33, with initial duc- 
tilities of 27 to 202 centimeters, had ductilities of 8 ticen- 
meters or less after heating for 5 hours in \-inch films. 

In order to show the effect of the thin-film oven test 
on the ductility-penetration relationship, some of the 
data given in table 7 have been plotted in figure 11. 
If the penetrations are plotted against the corre- 
sponding log ductility for the residues after various 
periods of heating, a straight line can be drawn that will 
pass approximately through the points, except for the 
higher values of ductility. The data for the majority 
of 16 selected asphalts can be plotted to show a straight 
line relationship between penetration and logarithm of 
ductility when the ductility had been reduced below 
100 centimeters. The penetration-ductility curves for 
the other asphalts are distributed between the extremes 
shown in figure 11. This figure and the data given in 
table 7 show that the conditions of the thin-film oven 
test produced wide differences in the penetration log- 
ductility relationships of these typical 50-60 penetra- 
tion asphalts. 


EFFECT OF MIXING ON CHARACTERISTICS OF ASPHALTS 
INVESTIGATED 


The relation between the penetration and softening 
point of the various thin-film residues, data for which 
are given in table 7, is also of interest in showing thie 
difference in behavior that occurred when these mate- 
rials were heated under comparable conditions. In 
figure 12 the softening points of the various residues 
have been plotted against the logarithms of the cor- 
responding penetrations and the points connected by 
smooth curves. Several asphalts, of which sample 23 
is one, show a uniform rate of change in the earlier 
periods of heating, but when reduced to a certain pene- 
tration the curve breaks, and thereafter shows a grea(er 
increase in softening point for a given drop in penet*a- 
tion. Of the materials that show a uniform rate of 
change, sample 3 shows a very much lower increase in 
softening point for a corresponding drop in penetrat on 
than does sample 20 or sample 33. The curve for ‘he 
latter is not shown in this figure. In general, the dita 
indicate that asphalts having a low rate of increas: in 
softening point with decrease in penetration retaii a 
high ductility when reduced to low penetrations, >ut 
those that increase rapidly in softening point with 
decrease in penetration do not retain their ductility 
as well. 
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Figure 11.— RELATION BETWEEN PENETRATION AND DUCTILITY 
or TypicaL 50-60 PENETRATION ASPHALTS WHEN HEATED 
In THiIn Fiums at 325° F. ror Various PeRIoDs OF TIME. 


Bateman and Delp (7) and Bateman and Lehmann (2) 

have shown the effect of the mixing process on the 
physical properties of the asphalt and the effect of the 
mixing temperatures on the penetration, the softening 
point, and the ductility of the asphalt extracted from 
the mixtures with carbon disulfide and recovered by a 
vacuum distillation. This work was confined to one 
type of asphalt and they concluded that penetration 
and ductility of the asphalt were decreased and the 
softening point was increased by the mixing operation 
and that these changes were affected by the mixing 
temperature. In recent years, with improvement in 
the technique of recovering the bitumens from solutions, 
investigations of asphalt from laboratory and plant 
mixes and from pavements have been made. Many 
of these investigations have been confined to the 
detcrmination of drop in penetration only. Steinbaugh 
and Brown (20) included ductility determinations, and 
Shaituck (19) made softening point determinations on 
the recovered bitumen, as well as ductility and penetra- 
tion tests. 
_ ‘The work of Steinbaugh and Brown led to the adop- 
ion by the Michigan Highway Department of a speci- 
fica ‘on requirement that the penetration of the bitumen 
extracted from a pavement immediately after laying 
shai! be not less than 50 percent of the original and that 
the ductility shall be not less than 40 centimeters. 

\ specification requirement of this type appears to b« 
logics. Its use, however, introduces a practical diffi- 
culty that has been quite generally recognized. The 
responsibility for compliance with the test requirement 
is divided between the producer who furnishes the 
asphalt and the contractor who uses it. Shattuck (19) 
las developed a laboratory mixing test in which the 
probable loss in penetration and ductility of the asphalt 
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RELATION BETWEEN SOFTENING POINT AND PENE- 


FIGURE 12. 
TRATION OF TyYPICAI 
HEATED IN THIN 
oF TIME. 


50-60 PENETRATION ASPHALTS WHEN 
Finms aT 325° F., ror Various PERIODS 


to be furnished during the mixing and laying operations 
can be predetermined. Shattuck stated that an asphalt 
that failed to meet a specified drop in penetration and 
ductility when subjected to his laboratory mixing test 
would not meet the requirement outlined in some spec- 
ifications for the ductility and penetration of bitumen 
extracted from the pavement after laying. 

In the Shattuck mixing test (19) a 2,000-gram mix- 
ture, containing 94 percent of standard Ottawa sand and 
6 percent of the asphalt to be tested, is mixed for 1 
minute in a small laboratory rotary mixer, 6 inches in 
diameter and approximately 10 inches long. The air 
temperature of the mixer is brought to 275° to 300° F. 
The sand and asphalt are brought to temperatures of 
400° and 300° F., respectively, before placing in the 
mixer, After mixing, the asphalt mixture is placed in a 
shallow pan, 7 by 11 by 1% inches, and is held in a 
constant-temperature oven at 350° F. for 30 minutes. 
After cooling to room temperature the bitumen is 
extracted and recovered by the Abson method. The 
recovered bitumen is tested for penetration, ductility, 
and softening point. Bituminous mixes, using propor- 
tions of aggregate, dust, and asphalt specified for the 
particular project, may also be tested in the same man- 
ner. Bituminous concrete containing aggregate from | 
inch to dust has been handled satisfactorily in this 
mixer. 

The Public Roads Administration cooperated with 
Shattuck in the investigation (19) of his laboratory 
mixing test. Comparison was made of the properties 
of the residues from the thin-film oven tests with those 
of the asphalts recovered from the Ottawa sand and 
sheet asphalt sand mixtures used in the Shattuck test. 


| Eight asphalts were selected from those used in Shat- 
| tuck’s work. 


The characteristics of these asphalts after 
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TABLE 8.— Test characteristics of asphalts after exposure to Shattuck’s mixing test and thin-film oven tests 





Penetration at 77° F., 100 gm., 5 sec. 




















;.| an Residue from Residue from . | Residue fro 
Identi-| Tested Recovered + 6 = } Recovered in- , Recovered hin-film oven 
fica- | Source of base by bitumen oe D bitumen | thin — ” bitumen = a 
we | petroleum gong Orizinal anon ; Original ieee Cl Eee ae 
ito "Y lasphalt l | asphalt | :. | | asphalt 
| Ottawa | Sheet | | Ottawa | Sheet | § | Ottawa | Sheet | |. 
sand | asphalt |5 hours |7 hours sand | asphalt | 5 hours|7 hours sand | asphalt | 5 hours |7 hours 
| mix mix | | | mix mix | | mix mix 
_—- ee ES oo a ————__ eee | - aumpeses la - a -_-_—-—_——_ St see ares —-— —_- -— -—__--_— _ —_ -—__—— ~| ewe a 
| | | | Cm. | Cm. | Cm. | Cm Cm. | oF, A oF. oF. "7 
hd ox x 2 135 130 
3 | California__. { p 83 | = | nee ol | er) ery ees marl] tel Geel fe 129.3 | 130.8 
| B 54 25 36 | 34 30 250+} 250+ 250+ | 250+/ 250+ 119. 6 - 4 29. 
ae if A 51 26 | Ss eee ; 110+ , | a8 128 41 133. 1 
4 | West Texas. i. B 52 36 38 37 34 | 250+/ 66 | 193 77 | 40.5 | 126 137.8 | 133.6] 137.5] 140 
5 | Colombé if A | 51 25 | 31 at) 110+} 13 32.5 |.. _-| 126.1 146 141.8 | | 
ad intents LB 56 30 | 36 35 30| 250+] 20.5] 137 105 | 61 126.8 | 145.3] 139.0] M10] Lids 
: - f 155] 2% sin . 
ve A 52 26 | 32 | 110+) 16.5 35 | 126 146. 2 143 ; 
| B 54 27 | 33 35 32 250+ | 19. 5 58 145 126 127.5 149.8 142.7 141.3 | 143.1 
- p 7 . | 10. 5 : — 
6) tae Teew.......0 4 51 “ee = oe 7 |{ 4 ed ...| 136 160 153.3 | gs 
| B 51 34 | 36 | 33 | 30 99 | 16.5 16.5] 15 10.5 136 150. 8 148. 5 | 154.0 | 155 
aad fe 7.5 39 a : a 
ee fee lf A 54 oll Gl eoeeeed eaeioee m0t+}{  ¢ 0 |} 131.1] 159 M2 |. 
i| B 58 22 | 30 | 33 | 30 250+ 7 20 62 | 22 | 27.4 158. 3 148. 4 146.0 | 117 
aad a a 1 iy ; a ae, 
| | & 9 
12 | Unknown__.....\f A 50 32 See a} 5 5 |} -----] 1801 | 158.2] 147.2 | | 
| B 51 34 42 36 | 33 | 84 | 7 23 | 10 8 | 135.9| 153.1 141.5 | 150.0 | { 
12-B do if A 50 35 37 4 aca 110+ 110+ 110+ | 120. 4 126 | 124 | 
” ; i B 51 29 34 34 | 31} 250+) 222 | 250+ 250+| 250+ | 120.5 | 130 125 127.8 | 





making the mixing test and thin-film oven test are given 
in table 8. Test results for penetration, ductility, and 
softening point are shown for the original asphalt and 
the bitumen recovered from the Ottawa sand and sheet 
asphalt mixes, as determined in both laboratories, and 
for the residue from the thin-film oven tests for 5- and 
7-hour periods as determined in the Public Roads 
laboratory. 


THIN-FILM OVEN TEST FURNISHES INDICATION OF ASPHALT 
BEHAVIOR IN MIXING OPERATIONS 


In general, the penetrations and softening points of 
the residues from the oven tests are approximately 
comparable to the penetrations and softening points of 
the bitumens recovered from the mixes. Except for 
sample 6-A, the ductilites of the thin-film residues are 
also generally comparable to the ductilites of the bitu- 
mens recovered from the mixes. The similarity of the 
reduction in penetration and ductility and the increase 
in softening point that occurred in these tests are better 
shown in figures 13 and 14 for 2 of the 8 asphalts 
(samples 6 and 12) tested in this manner. 

In figure 13 the penetration of the asphalt recovered 
by both laboratories and the penetration of the residues 
from the 5- and 7-hour thin-film oven tests are plotted 
against the logarithms of their ductilities. The ma- 
jority of these points for each asphalt fall closely slong 
a straight line similar to those shown in figure 11 where 
the relationship is shown for residues from the thin-film 
tests only. 

Figure 14 shows the relationship between softening 
point and penetration of samples 6 and 12 when sub- 
jected to the Shattuck mixing tests and the thin-film 
oven test. This figure shows the similarity between 
the reduction in penetration and increase in softening 
point that occurred under both testing conditions. 

During 1935 and 1936 test sections of sheet asphalt 
pavement were constructed in Washington, D. C. 
Tests were made to determine the alterations in the 
yhysical properties of the asphalt during the mixing, 

ying and service of the paving mixture. The be- 
havior of the asphalt in the thin-film oven tests also 
was determined. Samples were taken immediately 
after the hot mix was laid and compacted. Following 





Ductility at 77° F., 5cm. per min. 
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Softening point 









































construction, samples were taken at the end of 12, 18, 
24, and 30 months of service. These samples were ex- 
tracted and the asphalt recovered by the Abson method. 
The original asphalts were heated at 325° F. in \-, 
¥.-, and %»-inch films for 2, 5, and 7 hours. The 
asphalts recovered from the pavement and the residues 
from the thin-film oven tests were tested for penetra- 
tion, ductility, and softening point. The results of 
these tests, as well as the tests on the original asphalt, 
are given in table 9. 

The relations between the penetration and ductility 
of the original asphalt, the bitumens from the pavement, 
and the residues from the thin-film oven test, are shown 
in figure 15. A majority of the points for the thin-film 
tests fall close to or on the line fg The points for 
the asphalts recovered from the pavement are approxi- 
mately along the same line as the points for, the thin- 
film residues. ‘The reduction in penetration and ductil- 
ity of the %-inch film residue, heated for 5 hours, was 
approximately the same as the reduction that occurred 
during mixing and laying. While there was no uniform 
reduction in penetration and ductility with increased 
age in the pavement, two samples from the 24-montl 
period had considerable decreases. Schaub and Parr (18 
noted the difficulty of determining the progressive h:rd- 
ening of asphalt in sheet asphalt pavements on city 
streets because of the great possibility of contamination 
in these areas. 

Figure 16 shows the relation between softening point 
and penetration of the bitumen recovered from the 
pavement and the residues from the thin-film oven ‘est. 
This figure furnishes additional evidence of the similar- 
ity of the behavior of asphalts when heated at 325° F. 
in thin films and their behavior during the mixing and 
laying operations and in service. 

On the basis of data obtained from tests of freshly 


laid sheet asphalts from other projects, and from: the é 


Shattuck mixing tests, it is believed that the altera (ions 
in penetration, ductility, and softening point that 
occur in 50-60 penetration asphalt cements durin. the 
processing and laying of sheet asphalt pavemen(s !! 


accordance with present standard practice can_ be 
predicted from tests made on the residues from the thin- 
It has been noted that when some 


film oven test. 
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usphalts are merely dissolved in benzene and recovered 
hy the Abson method a marked reduction in ductility 
occurs, even though the asphalt has not been exposed 
to the mixing operation or to service, indicating that the 
Abson recovery method itself may change the ‘asphalt. 
It is therefore believed that the thin-film oven test may 
be more generally indicative of the actual alterations 
that occur than is the Shattuck test. 


TanLe 9.—Test characteristics of an asphalt before and after thin- 
film oven tests and of the same asphalt recovered from the pavement 
after various periods of service 

TESTS ON ORIGINAL ASPHALT 








| Penetra- Ductility 
a : tion at 77° | at 77° F., Softening | 
Sample F.,100gm.,} 5cm. per point 
5 sec. min. 
| Cm. “7. 
7 250+ 126. 0 
B 56 205 126. 0 
C | 56 226 127.0 


THIN-FILM OVEN TESTS ON RESIDUE 














Be atten | 
Film | Time of ——., a Soften- 
"aaa at 35°F. F., 100gm.,) 5m. per oan | 
‘ | i o sec. min. | 
Inches | Hours | | Cm, F. 

2 42 118.0 136.4 
14 5 32 | 28.5 | 144.9 | 
7 23 | 14.0 150.9 | 
| 37 [63.0 | 141.0 

Vie 5 26 8.0 | 155.0 
7 | 21 ” 6.0 163. 4 | 

2 30 115.0 149.8 

Vo 5 18 4.0 175.6 
7 16 3.3 185. 0 | 


s ON RECOVERED BITUMEN FROM PAVEMENT SAMPLES 





] 
Penetra- Ductility 
| tion at 77 at 77° F Softening 
\ge of pavement | & 199 gm.,| 5 em. per point 
5 sec. min. 
\fonths Cm, oF. | 
31 29 143 | 
34 40 143 
33 80 141 | 
0 33 36 145 | 
33 35 144 | 
36 39 142 
32 33 145 
35 RS 141 
32 41 145 
12 34 jl 143 
36 48 141 
31 27 146 
IS f 34 30 144 
\ 34 57 142 
29 30 145 
26 12 151 
24 29 28 145 
30 36 146 
26 14 150 
30 f 32 26 144 
\ 38 100 139 





REQUIREMENTS FOR 50-60 PENETRATION ASPHALTS MAY NOT BE 
APPLICABLE TO OTHER GRADES 


The 5-hour, ¥-inch film test appears to have pos- 
sibilities for predicting the resistance of asphalts to the 


har ling and oxidizing influence of heat during the 
hornis! mixing process, thus providing essential infor- 
mati 
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for the adjustment of temperature or construc- | 


| 


tion ‘catures that tend to destroy ultimately the life of | 


pavements containing highly susceptible materials. 
The ‘ost results given in table 10 and plotted in figure 
“iy a series of Mexican asphalts, show, however, 
ha 


"rea Specification requirement based on the be- 
lavior of 50-60 penetration asphalts may not be appli- 


2 | 
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RELATION BETWEEN PENETRATION AND DvuctTILiTy 
oF ASPHALTS SUBJECTED TO THE SHATTUCK TEST AND THIN- 
Firm Oven TEsT. 


FIGURE 13. 


Figure 14.—RELATION BETWEEN SOFTENING POINT AND PENE- 
TRATION OF ASPHALTS SUBJECTED TO THE SHaAatTTucK MIXING 
TEst AND THIN-FILM Oven TEsTs. 


cable to those of other consistency grades. Figure 17 


shows the percentage loss in penetration and ductility 
and percentage gain in softening point produced by the 
5-hour thin-film oven test, plotted against the con- 





/ 
10 
) 
se a) 
%. 
Pe + 
\ 
» 
a 
| 
} 
| 
| 
v7 
r 
a N ve 
° FILA 
oO 4 + a 
x ‘ v 
PENETRATION AT 77°F RAM 


Figure 15.—RELATION BETWEEN PENETRATION AND DUCTILITY 
oF BiruMEN ReEcOvVERED FROM THE PAVEMENT AND THE 
SAME AsPHALT HEATED IN THIN Fits aT 325° F. 

sistency of the original asphalt. The percentage loss 
in penetration and gain in softening point increases, 
but the percentage loss in ductility decreases, as the 
penetration of the original asphalt increases. The 
ductilities of the 150-180 and 180-200 grades are more 
than the ductilities of the original asphalts and are 
indicated by the negative values. 


TABLE 10.—Effect of thin-film oven tests on the characteristics of 
various grades of Mexican asphalt 
Pene- Ductil- Loss in Loss in — ; 
Pone- tration | ity at | soften-| ee ductil- ng 
tration Material teste sy 100 ott ing — ity by | point 
grade aaa per point heat- heat- by 
see. min. ing ing heat- 
ing 
Cm, F Percent Percent Percent 
Original asphalt 38 194 139. 0 
30-40 Residue from 5-hour 
| test 7 4 25 153. 35,8 87.1 0.4 
Original asphalt 55 215 131.0 
WHO) Residue from 5-hour 
Se 33 70 145.0 40.0 67.4 10.7 
Original asphalt 74 197 126. 2 
7O-SO Residue from 5-hour 
test.... 42 81 140.3 43. 2 s.9 11.2 
| Original asphalt 89 192 121.0 
85-100 {Residue from 5-hour 
test 49 125 135.9 44.9 34.9 2 
Original asphalt__. 135 153 113. ¢ 
120-150 | Residue from 5-hour 
test 66 132 132. 2 51.1 13.7 6.4 
Original asphalt 160 135 110.4 
150-180 {Residue from 5-hour 
ES 71 137 131.2 f l 8 
|‘ ’riginal asphalt . 182 134 108. 8 
180-200 | Residue from 5-hour 
test 78 135 128 ve —0.7 7.9 


! Ductility greater than original. 


_ A recent project in which the Public Roads Admin- 
istration was interested involved an asphaltic concrete 
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FIGURE 16.—RELATION BETWEEN SOFTENING POINT AND PENE- 
TRATION OF BiruMEN RECOVERED FROM THE PAVEMEN 
AND THE SAME ASPHALT HEATED IN THIN FILMs aT 325° | 


mixture graded from %-inch to dust and containing 
approximately 6 percent asphalt cement of 120-150 
penetration grade. The specification required that the 
extracted bitumen from a sample of the mixture taken 
from the finished pavement within 24 hours should 
have a penetration of not less than 50 percent of th 
penetration of the original material and a ductility of 
not than 100 centimeters. The data given in 
tables 11 and 12 show that neither the Shattuck mixing 
test with Ottawa sand nor with the aggregate specified 
when run with the standard temperatures for this test 
namely, 400° F. for the aggregate, 300° F. for the 
asphalt, and 350° F. for the oven, nor the \-inch film 
test, gave an approximate indication of the hardening 
that occurred. Although the plant mix was mad 
with the asphalt and aggregate at approximately 
275° F., the bitumens recovered from the pavement 
samples had penetrations approximaiely the same as 
the asphalt recovered from the mixture made in the 
Shattuck test, in which the temperature of the asphalt, 
aggregate, and curing oven were at a temperature ol 
200° F. 


less 


ABILITY TO RETAIN ORIGINAL CHARACTERISTICS CONSIDERED ‘\ 
MEASURE OF DURABILITY 


It should be noted that the extracted bitumen o! the 
lower penetrations had much higher ductility ‘han 
those of higher penetration. It has been shown ‘hat 


if there has been no great change in susceptibility, the 


softer grades of asphalt will have lower ductilities ‘hat 
the harder grades. For most asphalts, the maximum 


ductility is obtained when the penetration is cons: der- 
ably below 100 (11). Accordingly, it may be quite 


difficult to set satisfactory limits for the ductility © 
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Figure 17 LFFECT OF THE ORIGINAL CONSISTENCY OF VARIOUS 
Grapes OF MEXICAN ASPHALT ON THE CHANGES IN TEs! 
CHARACTERISTICS PrRopUCcED By THE 5-Hour THIN-FILM 
Oven TEst 

TABLE 11 Properties of 120-150 pe netration asphalt atte thin 


film oven tests and after plant and laboratory mixing 
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ATION BETWEEN PENETRATION AND DUCTILITY 


FIGURE 18 REI 
OF RECOVERED BITUMENS 
Derroir PAVEMENTS 


COMPARED WitrH CONDITION OF 


FiGURE 19.—RELATION BETWEEN SOFTENING POINT AND PENE- 
rRATION OF RECOVERED BITUMEN COMPARED WITH CONDITION 
oF Derroir PAVEMENTSs. 


ing points than the bitumens in pavements that are 
satisfactory. The data given in table 1 of Shattuck’s 
report on sheet asphalt pavements prepared with 40—45 
and 50-55 penetration asphalts have been plotted in 
figures 18 and 19 to show the penetration-ductility and 
penetration-softening point relationships of the ex- 
tracted bitumen. The condition of the pavement from 
which the asphalt was recovered is indicated. It will 
be seen that the majority of the points fall close to the 
average line. These figures show that not only the 
penetration but also the softening point and ductility 
can be closely correlated with the condition of the 
pavement. 

The correlation of pavement condition, as shown in 
these figures, with the test characteristics of the ex- 
tracted bitumen is in substantial agreement with the 


uetrations, lower ductilities, and higher soften- | conclusions by Vokac (22) relative to penetration and 


ductility but not to softening point. Vokac stated 
that when the penetration of the extracted bitumen is 
less than 25, the ductility is less than 24 centimeters 
and the softening point is more than 160° F., the pave- 
ment containing asphalt of this character is of the 
cracking type. He also concluded that a softening 
point of less than 146° F. on the extracted bitumen is 
indicative of pavement that may shove. Shattucks’ 
report (19) does not note this type of failure. 

It has been demonstrated by many investigators 
that a major portion of the alterations that occur in 
the asphalt of hot-mix pavements that show a tendency 
to early cracking in service, occurs during the fabrica- 
tion of the pavement. Accordingly, since it is indi- 
cated by the data presented that the thin-film oven 
tests develop residues with properties similar to those 
of the bitumens extracted from both laboratory and 
plant mixtures, a requirement limiting the loss in 
penetration and ductility could readily be applied to 
the residues from the thin-film oven test. A require- 
ment of this sort would be of value in preventing the 
use of materials that are seriously impaired in the nor- 
mal mixing operations, or it would serve as a warning 
that less damaging temperatures or more efficient 
plant design are necessary successfully to employ the 
particular material. 

Lang and Thomas (6) and E. B. Tucker (2/) have 
recently emphasized the necessity for considering the 
viscosity of asphalts at the mixing temperatures in 
general use for hot-mix pavements. Lang and Thomas 
showed, in a series of laboratory mixing tests on asphalts 
typical of those in use throughout the country, that the 
alterations that occurred in the highly susceptible 
asphalts when a constant mixing temperature was 
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| 
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Shattuck’s investigation, the results of which sre 
shown in figures 18 and 19, indicates that in the best 
pavements the ductility is greater than 40 centimeters 
and the penetration is more than 30. In general, these 
figures apply to hot-mix construction with asphalt hay- 
ing an initial penetration of 40-60. Therefore, it 
appears that an indication of the probable satisfactory 
performance of 50-60 penetration asphalts would by 


| obtained by requiring that the residue from the thin- 


employed, were materially reduced when the mixing 


temperatures were adjusted to provide a uniform 
viscosity for all the asphalts during the tests. Speci- 
fication requirements for hot-mix pavements should be 
drawn so that the particular asphalt to be used can 
be handled efficiently with as little change in original 
properties as possible. 

In the previous report (17) the failure of these 50-60 
and 85-100 penetration asphalts to pass many of the 
special test requirements that have been proposed for 
adequate control was discussed. The conclusion was 
drawn that these special tests were essentially tests 
that assist in the identification of source or the method 
of processing or that they were measures of special 
qualities. The opinion was expressed that they were 
not true measures of quality or durability. The term 
quality or durability was not defined. But on the 
basis of the data presented in this report and the work 
of other investigators, the ability of asphalts to retain 
their original characteristics in the fabrication of hot- 
mix pavements and in subsequent service may reason- 
ably be considered as one measure of quality. 

As previously noted, the specifications of the Michi- 
gan Highway Department require that the bitumen 
recovered from freshly laid pavements shall have a 
ductility of not less than 40 centimeters and a penetra- 
tion of not less than 50 percent of that of the original 
asphalt. Hubbard and Gollomb (4) have concluded 
that for satisfactory hot-mix pavements the penetra- 
tion of the recovered bitumen should be not less than 
30. Miller, Hayden and Vokac (13) have used 29 and 
Vokac (22) later used 25 as the minimum satisfactory 
penetration. ‘ 


film oven test (‘-inch film, 5-hour heating at 325° F. 
should have a ductility of not less than 40 centi- 
meters and a penetration not less than 50 percent of th, 
original’ penetration. Concerning the desirable char- 
acteristics of the thin-film residues from 85-100 pene- 
tration asphalts very little is known, but for the tim 
being it is suggested that it would not be unreasonabh|; 
to adopt the same limit for loss in penetration as fo 
asphalts of the 50-60 penetration grade and to requir 
that the ductility of the residue should be not less thai 
100 centimeters. It will be of interest to observe thi 
effect of such requirements on the 50-60 and 85-10) 
penetration asphalts included in this investigation. 


ALTERATIONS IN ASPHALT IN HOT-MIX PROCESSES NO1 
PREDICTABLE FROM USUAL TESTS 

In table 13 is listed the number of special tests, listed 
in table 14, that each asphalt failed to meet, and th 
number that would not meet the requirements pro- 
posed for the residues from the thin-film oven test 
Kighteen of the 50-60 and 24 of the 85-100 penetratior 
asphalts, failing from 1 to 11 and from 0 to 7 of th 
special tests, respectively, met the requirements stipu- 
lated for the thin-film oven test. Only 2 samples of th 
50-60 grade and 4 samples of the 85-100 grade failed 
to meet the penetration requirement and these als 
failed to meet the ductility requirements. Twenty-on 
asphalts of the 50-60 grade and 16 asphalts of the 85-10) 
penetration grade failed to meet the ductility require- 
ments indicating that these requirements are mor 


severe than those for penetration and that the require- 


ment of a minimum ductility of 40 centimeters for th 
50-60 penetration grade more severe than. thi 
minimum of 100 centimeters for the 85-100 penetratio: 
grade. Except for sample 29, which was not. repre- 


is 


| sented in the 50-60 grade, there was only one asphal! 


| special test are indicated. 





(sample 36) that failed in the 85-100 grade but did not 
fail in the 50-60 grade. 

In table 14 the special tests and the usual specifica: 
tion requirements proposed for them are given. The 
number of samples failing or passing the thin-film oven 
tests and the number failing or passing each individual 
The results of the Oliensis 
test appear to give the most consistent indication of thi 
probable behavior in the thin-film oven test. Ther 
were 13 of 14 asphalts of the 50-60 grade and 10 of 1/ 
asphalts of the 85-100 penetration grade that failed to 
pass the Oliensis test and also failed to meet the pene- 
tration and ductility requirements for the thin-film 
residues. Twenty-five asphalts of each grade } assed 
the Oliensis test and of these 17 of the 50-60 grace and 


19 of the 85-100 grade also passed the requirements fo! 
the thin-film test. 

If the alterations occurring in these thin films ar 
accepted as indications of the changes occurring 1! 
asphalts durmg fabrication of hot-mix pavements, ! 
can be seen that the use, as specification require! ents, 
of the special tests listed in table 14 will not entirely 
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13.—Comparison of samples failing special test require- 
ments and those jailing the thin-film oven test 


50-60 g 


trade 


Samples failing to pass 


Number thin-film oven test 
of special requirement for 
tests each 
sample 
fails to Penetra- Ductility 
pass tion 50+ 40+ cm. 
percent 
11 
11 
11 
11 
u 
t 
7 x 
) 
: 
4 X 
6 X 
5 X 
4 
X 
3 X 
10 xX 
( X 
7 X 
8 X 
6 X 
7 xX 
i X 
5 xX 
7 xX 
9 X 
5 X 
3 xX 
4 = 
0 X xX 
0 xX pi 


Number 
of special 
tests each 
sample 
fails to 
pass 


&5-100 grade 


Samples failing to pass 


thin-film 
requireme¢ 


Penetra- 
tion 50+ 
perce nt 


oven test 


‘nt for— 


Ductility 
100+ en 


Od bf 


A 


4 Mos AMG 


TaBLE 14.—Number of asphalts that pass or fail the thin-film oven 


te 


; r 
8 


pecial test 


Flui tor 

Float t index._.. wie 

Pe I r., 200 gm., 60 sec. 
Pen F., 100 gm., 5 sec. 

Pen F., 50gm., 5 sec.— 

Pen > F., 200 gm., 60 sec. 
Pen. 77° F., 100 gm., 5 sec. 

Duct 39.2° F., 4% cm. 
per! , 

Ducti F., 44 em. per 

mi 

Do - ‘i 

Ductil 9.2° F., 5cm. per 
min. 

Toughr test__. 

Organi itter insoluble in 
86 phtha. 

Fixed 

Sulfur 

Film test 


Oliensis t 


a 


Proposed test 
requirement 


140+ 
90+ 


30+ percent 


42— 


Yo pen. at 77° F 


Mo pen. at 77° 
F.-1 


Vo pen. at 77° F. 


Mo pen. at 77° F. 


10+ 

15-29 percent -- 
8-17 percent 

3+ percent 

Shall not coagu- 


late. 
Shall be negative 


Pene 
tration 
grade 


50-60 
185-100 
(50-60 
(85-100 
(50-60 
(85-100 


{50-60 
(85-100 
(50-60 
(85-100 
(50-60 
\85-100 
(50-60 
\85-100 
f50- 60 
185-100 
(50-60 


~|\ 85-100 


85-100 
{50-60 
\85-100 
{ 50-60 


(3-10 


Fail 
thin-film 
requirement 


Fail Pass 
spe- spe- 
cial | cial 
test test 
12 g 
16 0 
12 9 
0 16 
21 

2 14 

ll | 10 

5 16 

3 13 

14 7 
11 5 
21 0 
13 3 
21 0 
15 0 

3 18 

1 15 

4 17 

0 16 

0 21 

0 16 

11 10 
12 4 

3 18 

4 12 

13 s 
10 6 


st compared to the number that pass or fail the various special 


Pass 
thin-film 
requirement 


Fail Pass 
spe- | spe- 
cial cial 
test test 
10 ~ 
18 6 
12 6 
l 23 
4 14 
7 17 
16 2 
0 18 
0 24 
8 10 
3 21 
12 6 
5 19 
18 0 
23 1 
6 12 
4 20 
6 12 
8 16 
4 14 
4 20 
8 10 
13 ll 
0 18 
0 24 
17 
19 


insure asphalt of good durability. For instance, 
C. L. MeKesson (1/2) concludes that sulfur probably 
contributes to early hardening and loess of ductility in 
asphaltic binders. Table 14 indicates that the sulfur 
content alone is not a true indication of the probable 
behavior of asphaltic materials. Of the 18 asphalts 
of the 50-60 grade that met the requirements of the 
thin-film test, 10 contained more than 3 percent of 
sulfur and of the 24 asphalts of the 85-100 grade that 
passed the thin-film test, 11 contained more than 3 
percent of sulfur. 

It is interesting to note that the asphalts that were 
the least susceptible to temperature change, as deter- 
mined by the slope of the log penetration-temperature 
curve (11), consistently failed to pass the requirements 
proposed for the residue from the thin-film oven test. 
There were 10 asphalts of the 50-60 grade and 5 of the 
85-100 grade that had slope values less than 0.021 
and these all failed to pass the proposed limits set for 
the residue from the thin-film oven test. 

Undoubtedly, under service conditions asphalts con- 
tinue to show varying resistance to alterations de- 
pending on the character of service and the type of 
pavement. Asphalt technologists have centered their 
interest on changes in characteristics of asphalts chiefly 
in relation to the durability of hot-mix, dense-graded 
pavements, although the initial properties and the 
changes in properties of asphalt used in such pave- 
ments as penetration macadam and _ liquefier-type 
bituminous concrete probably contribute to the ulti- 
mate failure of these types of pavements. The data 
in this report and the facts generally known indicate 
that asphalts have different resistances to change. 
There is the possibility that those asphalts that are 
highly susceptible to the action of heat can be handled 
at such temperatures and in such manner that they 
reach the finished pavement with a minimum change in 
their original properties. This is a problem that the 
producer and the user dependent on such material must 
eventually meet. 


CONCLUSIONS 


1. The present standard test for loss on heating and 
degree of hardening does not furnish adequate informa- 
tion concerning the probable behavior of asphalts for 
use in hot-mix paving. 

2. The relations between penetration and ductility 
and penetration and softening point determined from 
oven tests with thin films appear to be of value for 
predicting the changes in characteristics of asphalts 
that take place during mixing and after exposure to 
service conditions. 

3. The changes that occur during the thin-film oven 
test (5 hours, \-inch films) in asphalts of the 50-60 
grade are comparable to the changes that may be ex- 
pected to occur in bitumen recovered from mixtures 
prepared in paving plants or from laboratory mixes 
prepared to duplicate paving plant practice. 

4. The ability of asphalts to retain their original 
characteristics as measured by tests for penetration, 
ductility, and softening point, after the 5-hour, \-inch 
film oven tests, offers a means of evaluating their rela- 
tive durability. 

5. A specification requirement based on the decrease 
in penetration and ductility and the increase in soften- 
ing point that occurs during the 5-hour, \-inch film 
oven test should prevent the use of asphalts that are 
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injured by normal mixing: temperatures, or should in- 
dicate the need for more moderate temperatures or 
better equipment to permit the asphalt to be incorpo- 
rated in the pavement with a minimum of change. 

6. Many of the special test requirements that have 
been proposed by various agencies for control of asphalt 
cement are not adequate measures of durability. 

7. Lower mixing temperatures end improvement in 
equipment will prevent undue alterations occurring in 
those asphalts highly susceptible to change in the mix- 
ing operation. 

8. Most of the producers furnished asphalt having 
high ductility but, in many cases, the ductile properties 
were materially reduced in both the thin-film residues 
and in the bitumen recovered from mixes. 
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HIGHWAY CONSTRUCTION SPECIFICATIONS 
AVAILABLE 


Specifications for construction of main highways 
through national parks and forests are now available 1 
printed form from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, 1). € 
The price is $1.00 per copy—there is no free supp!) 

This 500-page publication is arranged in three parts 
The first part contains general requirements on bid din’, 
responsibility to the public, patents, liquidated dam- 
ages, payments, etc. 


The second part on construction details lists 27 | tems 


under earthwork; 12 under base courses; 18 under sul- 
face courses and pavements; 27 under structures, such 
as bridges, culverts, and retaining walls; and 38 inde! 
incidental construction, such as piling, curb and giittel 


No specifications are give 1 fo! 
Some of the listed iten s ar 


riprap, and sidewalks. 
concrete road surfaces. 


preferred in all construction; others were includ d to 
meet local conditions and needs. 

The third part is a sample bid schedule. 

Issued by the Public Roads Administration, F dere! 
Works Agency, the publication is titled, Specific. tions 
for Construction of Roads and Bridges in No ional 
Forests and National Parks. 

Orders for the new publication should not au 


dressed to the Public Roads Administration. 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 








Any of the following fublications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 
send no remittance to the Federal Works Agency. 


| ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 
Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 
Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 
HOUSE DOCUMENT NO. 462 
Part |. . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 
Part 2 . . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 
Part 3. . . Inmadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 
Part 4. . . Official Inspection of Vehicles. 10 cents. 
Part 5 . . . Case Histories of Fatal Highway Accidents. 
10 cents. 
Part 6 . . . The Accident-Prone Driver. 10 cents. 


TORS TERRI 


— TRE 


EY A AONE 
ties 8 





MISCELLANEOUS PUBLICATIONS 


No. 76\P . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 191MP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 

No. 279 \IP. . Bibliography on Highway Lighting. 5 cents. 

Highw:, Accidents. 10 cents. 

The Tax tion of Motor Vehicles in 1932. 35 cents. 

Guides : , Traffic Safety. 10 cents. 

An Eco mic and Statistical Analysis of Highway-Construction 

Exper itures. 15 cents. 

Highway ond Calculations. 10 cents. 

Transition Curves for Highways. 60 cents. 

Highway. of History. 25 cents. 


ee 
a 


DEPARTMENT BULLETINS 
No. 1279D . . Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 15 cents. 
No. 1486D . . Highway Bridge Location. 15 cents. 
TECHNICAL BULLETINS 
No. 55T . Highway Bridge Surveys. 20 cents. 
No. 265T Electrical Equipment on Movable Bridges. 


35 cents. 








Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 

No. 296MP. . Bibliography on Highway Safety. 

House Document No. 272 . . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6-8 and 10-20, inclusive. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act I.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 

License Act. 

Act III.—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 








A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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